Two cases of primary sarcoid involvement of the heart are presented, each of which demonstrates an uncommon feature of the disease. In the first, there was clinically significant hemorrhagic pericardial effusion. In the second, there was regression of episodes of ventricular tachycardia, and atrioventricular and intra ventricular block, on corticosteroid therapy. The manifestations and treatment of sarcoidosis primarily involving the heart are reviewed and discussed.
Two cases of primary sarcoid involvement of the heart are presented, each of which demonstrates an uncommon feature of the disease. In the first, there was clinically significant hemorrhagic pericardial effusion. In the second, there was regression of episodes of ventricular tachycardia, and atrioventricular and intra ventricular block, on corticosteroid therapy. The manifestations and treatment of sarcoidosis primarily involving the heart are reviewed and discussed.
linically recognizable sarcoid involvement of the heart is rare' and the clinical picture is variable. Deaths, documented as being due to cardiac sarcoidosis, .are also rare. It is therefore pertinent to describe two unusual experiences with sarcoid involvement of the heart, which bear upon these points. The first deals with a case in which there was clinically significant pericardial effusion due to histologically proved extensive sarcoidosis of the pericardium and myocardium. This has been reported only once before. The second deals with the successful management by corticosteroids of lifethreatening atrioventricular ( A-V ) and intraventricular (IV) block and ventricular tachyarrhythmias in a young woman with proved sarcoidosis, presumed to involve the heart. The clinical and pathologic spectrum of sarcoid involvement of the heart is reviewed in relation to these two cases.
A 27-year-old Negro woman was admitted to Michael Reese Hospital (MRH) on January 13, 1970 , complaining of swelling of the lower extremities. Five years before admission, during a routine preemployment physical examination, she was told she had an "enlarged heart" and asthma. She was given a digitalis preparation and a diuretic and then was intermittently maintained on these medications. Eighteen months before admission she was hospitalized at another institution with complaints of shortness of breath and was told that she had a failing heart. She refused further evaluation of her illness at that hospital. One year before her admission to MRH, she was readmitted to the other institution with similar complaints and again refused evaluation. In late December 1969, she developed wheezing and cough prodtictive of one-half cup per day of grayish-white mucoid sputum. She admitted to paroxysmal nocturnal dyspnea and orthopnea. She denied chills, fever, and hemoptysis. For five days she had experienced difficulty in walking because of extensive edema of the legs which interfered with flexion of the knees.
Examination on admission revealed an obese woman in respiratory distress. Her weight was 214 pounds, blood pressure 126/90 mm Hg, temperature 98.6°F, pulse was irregular and averaged 100 beats per minute, and respiration rate was 24 per minute. The jugular veins were distended to the angle of the mandible at 450 elevation. Shotty bilateral axillary lymph nodes were felt. There was a small area of dullness to percussion in the left posterior paravertebral area of the chest. No riles were audible. The apex impulse was in the sixth intercostal space at the left anterior axillary line with no lifts or heaves. Heart sounds were distant and S1 was variable in intensity. S2 was narrowly split and P.r was slightly increased. No murmur could be appreciated. Tenderness was elicited over the right upper quadrant of the abdomen and a fluid wave was present. Neither cyanosis nor clubbing of the fingers or toes was observed. There was marked pitting edema of the legs and trace edema of the abdominal wall.
Pertinent laboratory data: hemoglobin was 14.1 gm/100 ml, hematocrit 44 percent and WBC 3700/cu mm with a normal differential count. Urinanalysis and senim electrolyte values were normal. The BUN was 15 mg/100 ml, creatinine 1.0 mg/100 ml, SCOT L-Liver. RA-right atrium. RV-right ventricle.
din and histoplasmin were all negative after 48 hours. Chest x-ray film revealed a markedly increased cardiac silhouette with a "water-bottle" configuration ( Fig 1A) . The ECG showed a second degree A-V block, Wenckebach type (Type I ) with A-V junctional escape beats.
A scintillation-camera UgmTc-sodium pertechnetate study' revealed an enlarged right atrium and right ventricle, and a "cold halo separating the right lung and liver from the right atrium and ventricle, highly suggestive of a pericardial effusion ( Fig l B ) .
On the third hospital day, pericardiocentesis was attempted. An initial specimen of 10 ml of serosanguinous fluid was obtained. The patient then became extremely apprehensive, complained of difficulty in breathing and became hypotensive. Attempts to withdraw more fluid from the pericardial cavity were unsuccessful. Resuscitative attempts were begun and later continued in the operating room where an emergency thoracotomy was performed. About 800 ml of serosanguinous fluid with a hematocrit of 10 percent were removed from the pericardial sac. The right atrium and right ventricle were seen to contract poorly with pale yellow infiltrates present in the walls. The left ventricle was contracting well, but similar infiltrates were present. The anterior surface of the parietal pericardium was studded with minute nodules and there were blotchy areas of hemorrhage. There was no gross bleeding and the major coronary vessels were intact. Resuscitative measures were unsuccessful.
The heart weighed 745 gm. The visceral pericardium was mottled purple-red, slightly granular, and coarse in appearance ( Fig 2A) . The parietal pericardium was mainly thin except at the base of the heart where it was markedly thickened and appeared to be infiltrated by f i r m gray-yellow tissue. This tissue extended to the lung hila where it encased the pulmonary artery and the ascending aorta. AU structures here were 6nnly adherent to each other.
The heart was fiabby. The right chambers were markedly dilated. The left chambers were normal in size. The right and left atrial and ventricular walls were thickened and diffusely infiltrated by the same type of gray-yellow tissue which surkunded the base of the heart, and as a result all had a streaky mottled appearance ( Fig. 3A) . The right ventricular wall measured up to 0.8 cm, the left up to 2.4 crn, and the right atrial wall up to 0.6 cm (normal-O.1-0.2 cm) in thickness. Sections through the right ventricular wall revealed only a thin rim of normal appearing myocardial tissue adjacent to the epicardium. The left ventricular myocardium was also severely involved, but large areas of normal appearing myocardial tissue were discernible. All valves were normal except for the tricuspid valve ring which was dilated to 14.5 cm in circumference.
The lymph nodes were enlarged throughout the body especially in the mediastinum. The cut surfaces were mottled gray-yellow. The spleen was unremarkable. The lungs were congested and edematous, but contained no gross infiltrates. The liver appeared misshapen and lobular, with several white-gray infiltrates most marked over the dome. The cut surfaces exhibited large confluent pale tan-yellow soft areas surrounded by a thin rim of congested parenchyma. The gastrointestinal and genitouriniry tracts and the endocrine system were grossly normal.
On microscopic examination, severe granulomatous inflammation of the myocardium and pericardium was noted ( Fig  2B) . This had resulted in widespread marked destruction and replacement of myocardial fibers. In some areas this process extended through the entire thickness of the wall of the right ( Fig 3A) and left ventricles, the interatrial and interventricular s e~t a and the atrial walls. The areas of the S-A and A-V nodes were extensively involved by granulomatous tissue and fibrosis, and the nodal architecture could not be identified.
The extra-and intramural coronary arteries were essentially normal.
The intensity and apparent age of the inflammatory process were variable. In some areas there was extensive liquefactive necrosis surrounded by granulomatous tissue consisting of many giant cells, epithelioid cells and lymphocytes with scanty fibrosis. In other areas, the inflammatory cell infiltrates were less prominent and the myocardium was replaced by dense hyalinized connective tissue. Neither asteroid nor Schaumann bodies were detected within the giant cells. No inclusion or myogenic giant cells were seen. Neither acid-fast nor fungal organisms could be demonstrated by Ziehl-Neelsen or methenarnine silver staining techniques. In the many areas where the granulomas were small and discrete they appeared to originate in proximity to small blood vessels. The borders between the myocardial and granulomatous tissues were usually distinct. In some areas there were narrow zones of myocardial degeneration, but intact fibers were usually present adjacent to the areas of idammation. , The lymph nodes contained numerous granulomas similar to those described in the heart, but less confluent. The lungs were minimally involved by the granulomas which were mostly seen around arteries and veins near the hilum. Neither vasculitis nor thrombosis was seen and the pulmonary vessel walls remained intact. The remainder of the pulmonary parenchyma exhibited acute and chronic congestion and edema. Small granulomatous nodules were found in the liver capsule extending only to the subcapsular areas. The remaining parenchyma showed marked centro-lobular congestion and necrosis, with areas of fibrosis around the central veins.
Granulomas were also seen in the mucosal layer of the stomach.
A 34-year-old Negro woman was admitted to MRH on August 15, 1989 , for complaints of shortness of breath and palpitation. She had been well until eight months before this admission, when she noted painful red elevated skin lesions in the anterior surfaces of the legs. She had also developed shortness of breath on exertion. She was admitted to another hospital where a liver biopsy was performed. The sections revealed numerous discrete noncaseating granulomas composed of epithelioid and chronic inflammatory cells. Giant cells were sparse. There was no associated inflammatory or fibroblastic response in the surrounding liver parenchyma and no liver necrosis was seen ( Fig 4 ) .
The electrocardiogram was normal. Therapy was begun with 300 mg isoniazid and 40 mg prednisone daily, the latter gradually tapered after six months of treatment. Two and onehalf months before admission to MRH and after corticosteroids had been discontinued, she noted increasing dyspnea on exertion. Eight weeks later she complained of paroxysmal nocturnal dyspnea and occasional palpitatious lasting for minutes, without chest pain or dizziness.
On examination she was a welldeveloped, well-nourished woman in marked respiratory distress. Blood pressure was 100/70' mm Hg, pulse rate 200 per minute, and respiratory rate 22 per minute. There were bilateral raes. There was a slight left ventricular heave. S1 was variable in intensity. There was physiologic splitting of Sg and a grade III/VI hobsystolic murmur loudest at the apex and radiating to the left axilla. The liver and spleen were not palpable, but right upper quadrant abdominal fullness was noted. The initial electrocardiograms showed ventricular tachycardia producing incomplete A-V dissociation with occasional fusion beats ( Fig  5A) .
She was given a bolus of 100 mg lidocaine intravenously, followed by a continuous intravenous drip of this medication. When sinus rhythm was restored, an incomplete right bundle branch system block was noted associated with a first degree A-V block (8-1769 in Fig 6) . Ventricular premature beats were still present, occasionally initiating short runs of ventricular tachycardia (Fig 5B) . She was later maintained on procaine amide, 500 mg every six hours, and 0.25 mg digoxin daily, both given orally.
The patient's condition became more stable. Chest x-ray film showed an i n c d transverse diameter of the heart associated with bilateral pulmonary congestion and left pleural efhsion. There was bilateral hilar adenopathy. The hemoglobin was 12.0 gm/100 m l hematocrit 37 percent, WBC 5400/cu mm with a normal differential, BUN 30 mg/100 ml, and creatinine 1.3 mg/100 ml. The serum electrolyte values were within normal limits. Serum calcium was 9.7 mg/100 ml, serum phosphorus 3.1 mg/100 ml and 24-hour urines for calcium were 346 mg and 418 mg on two occasions. The SCOT was 51 units, SGPT 77 units, LDH 397 units, bilirubin 0.8 mg total with 0.6 mg direct reacting and alkaline phosphatase 3.4 Bodansky units. The serum protein electrophoresis showed a total protein of 7.6 gm/100 ml, with a slightly elevated globulin level. Arterial Pm was 95.6 mm Hg, PC- 35 .4 mm Hg and pH 7.53. A serologic test for syphilis was negative. Skin tests with second strength PPD, coccidioidin, blastomycin and histoplasmin were negative.
She was well for the next eight days. On the ninth hospital day, she developed another episode of ventricular tachycardia associated with hypotension. This was again well controlled with lidocaine. At this point, prednisone, 80 mg per day, was started. Oral procaine amide, 500 mg every six hours, was used to suppress the ventricular ectopic beats after intravenous lidocaine was stopped. After four weeks of prednisone therapy, the f k t degree A-V block and right sided conduction abnormality had regressed (Fig 6) . She was discharged on INH 100 mg three times daily, prednisone 30 mg daily, digoxin 0.25 mg daily and procaine amide 500 Five months after the start of steroid therapy the patient was free of the dyspnea and palpitations that had brought her to the hospital.
Sarcoidosis is not a rare disease, its incidence in young adults being approximately two cases per 10,000.3 Although once considered a benign entity,4 sarcoidosis can run a malignant course due to rapid and progressive involvement of various organ systems, to the point of causing sudden death. The clinical spectrum of sarcoidosis is related to the variability of site and extent of organ involvement by this disease of protean manifestations. Bernstein and associates,6 in 1929, were the first to describe the pathologic pattern of cardiac involvement by sarcoid. Subsequent autopsy series revealed the heart to be involved in 13 percents to 20 percent7 of the cases, usually as part of generalized sarcoidosis. Clinically, involvement of the heart is less frequently recognized, and there are relatively few autopsied cases in whom death could be attributed directly to the cardiac involvement. Reviews in the English literature by Porterhnd Bashour and coauthors9 listed 47 such cases. Miyaji et a110 collected 12 more cases in their review written in Japanese (Table 1 ) . A literature search by the present authors yielded 11 additional cases (Table 2) , bringing the total to 70 cases. 
Age, Sex, Race
The average age of the group of patients reviewed by Porters who died directly from cardiac sarcoidosis was 35 years. In contrast, the Japanese patients studied by Miyaji et a110 were older, averaging 44 years. The average age of the 71 cases, including our own, is 40 years. Forty of these cases were women. In Porter's series, twice as many men as women succumbed to the disease. In contrast, in the Japanese series, twice as many women as men died from the disease. Race could be deduced in 68 of 71 cases. Twenty-six were Caucasians, 27 were Negroes and 15 were Japanese.
Clinical Manifestations
The varied clinical picture of cardiac sarcoidosis is related to infiltration of the heart by the granulomatous process. The granulomas may be multiple and discrete, or confluent. The major clinical manifestations of cardiac involvement are conduction disturbances, disorders of impulse formation and progressive myocardial failure. Rarely murmurs of valvular origin are heard and ECG patterns of myocardial infarction occur. Our case 1 is only the second case reported of pericardial effusion due to histologically proved sarcoid of the heart (see below). Cor pulmonale due to extensive parenchymal lung involvement will not be dealt with in this communication.
Excluding nonspecific T wave abnormalities, con- Tables 1 and 2: PVC's =Premature Ventricular Contractions LAD =Left axis deviation VS =Ventricular septum RBBB = Right bundle branch block LV =Left ventricle N.M. =Not mentioned LBBB =Left bundle branch block RV =Right ventricle 1.n.s. =exact location not specified duction disturbances are the most common clinical manifestations of primary cardiac involvement. Thirty-four of the 47 necropsied cases in whom ECG observations were reported exhibited A-V block and 15 had intraventricular conduction defects at one time or another (Table 3 ). In at least 22 of these 47 cases, complete A-V dissociation due to a high degree of A-V block was present, although in one case digitalis may have been a contributing factor." Miyaji et a110 collected five others apart from their own case where there was A-V block. However, the degree of block was not specified in their communication. Recurrent Stokes-Adams attacks are frequent once complete A-V block develops, and sudden death is common. In the 70 autopsied cases where death was attributed to the primary cardiac involvement, the ventricular septum was involved in at least 30 and the right and/or left ventricular free walls in at least 57. Portefl noted that the conduction pathways were involved in 40 percent of the autopsied cases reviewed by him. Of the additional 11 cases we reviewed, three demonstrated bundle of His interruption^.'^-'^ In one of these, additional lesions were present in the left bundle branches.ls In our case 1, first degree A-V block and right bundle branch block (RBBB) were observed previously. Eighteen months later, at the time of her final admission, the A-V block had progressed to second degree of the Wenckebach type (Type 1 ) with the RBBB persisting. She was on digoxin when the second degree A-V block was noted, but withdrawal of the drug for 72 hours had no effect on the A-V conduction disturbance. At post-mortem, the area of the A-V node was extensively involved by the granulomatous process. In spite of careful search, no nodal tissue could be recognized. Our case 2 had a right sided intraventricular conduction delay and a first degree A-V block, suggesting either involvement of the right bundle and the common bundle of His or the A-V node, or both bundle branches15 Disorders of impulse formation constitute the second most common clinical manifestation of cardiac involvement ( Table 3 ) . Ventricular arrhythmias account for 55 percent of the recorded arrhythmias, being usually ventricular tachycardia and less commonly multiple ventricular premature contractions. Symptoms secondary to these arrhythmias seen in primary cardiac sarcoidosis include palpitation, light headedness, syncope and even CHEST, VOL. 60, NO. Initially, large doses of antiarrhythmic agents were used in attempting to control the ventricular tachycardia, but ventricular premature beats and runs of ventricular tachycardia persisted. With the addition of corticosteroids, the same antiarrhythmic agents in the same dosages abolished these paroxysms. A rare ECG finding in sarcoidosis of the heart is the pattern of transmural infarction. 16.17 This a p pears to be due to infiltration of the myocardium producing loss or decrease of detectable electrical potential in the involved area. The extent to which ciency occurs which later becomes refractory to all therapy.
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Pericardial involvement is uncommon even in the 
A. Disorders of Impulse Conduction

A-V Condudion Defects
First degree 5 
Second degree 2
Complete A-V dissociation 22 Unclassified A-V block 5
Intraventricular C o~~l w t i o n Defects
coronary vessel involvement, which is known to occur in sarcoid of the heart,le may contribute to this ECG pattern is uncertain. Congestive heart failure occurs in about one-third of the cases of primary cardiac involvement, and is usually due to extensive myocardial damage. Ferrans and associates19 noted varying degrees of myocardial injury, from minimal mitrochondrial swelling, which may be reversible, to advanced mitochondria1 alterations, such as pronounced swelling, loss of cristae and fragmentation, which are probably irreversible. Response to the usual modes of treatment for congestive heart failure is usually poor and progressive myocardial insuffi- presence of extensive myocardial infiltrati~n.~o Pericardial effusion is much more rare. Baileyz1 reported a sarcoid patient who had chest pain, ECG changes suggestive of pericarditis, fluctuating venous pressure and an enlarged cardiac silhouette on x-ray examination, which decreased in size on steroid therapy. No definitive study was done to confirm the impression of pericardial effusion nor was pericardial biopsy done. Clark and BlountZ2 reported a case of pericardial effusion confirmed by C 0 2 angiography, but the pericardium was found to be of normal thickness at surgery. They concluded that the ehsion was due to congestive heart failure. Shiff and associates2" reported the first proved case of clinically significant pericardial e hsion due to sarcoid granulomas in the pericardium. This was diagnosed by cardiac scan; histologic confirmation was obtained at surgery when partial pericardiectomy and lung biopsy were performed and 1 liter of clear yellow fluid was evacuated. One of Nickerson's24 cases had plaques of granular pale white tissue on the pericardium, but only 150 ml of clear amber fluid were found at postmortem. In another case,25 the epicardium of the left ventricle was involved and 100 ml of straw-colored fluid were found. It is possible that some of the blood in the effusion in our case 1 could have been due to resuscitative efforts, although severe hemorrhagic pericarditis was evident at surgery and on postmortem examination. Hemorrhagic pericarditis with effusion in sarcoid involvement of the heart have not been described previously. Sarcoid patients may have murmurs and in rare cases there may be actual valvular or subvalvular involvement by sarcoid. Laroche and colleagues2" described a case with an ulcerated mitral valve and Faivre and co-workers27 reported a 42-year-old man with involvement of mitral and aortic valves. Raftery et a128 described a case in whom the mitral valve was normal, but the papillary muscles had a white glazed appearance and were slack, producing eversion of the mitral valve leaflets in systole. The patient required mitral valve replacement. There are some cases in which rheumatic valvular heart and sarcoid heart disease coexi~ted.~Wence, the etiology of the holosystolic murmur heard in our case 2, highly suggestive of mitral regurgitation, must remain speculative.
Reports of great vessel involvement are few, but sarcoid tubercles have been found in the aorta30931 and in the superior vena cava and pulmonary veins.:30 In case 1, the pulmonary artery and aorta were encased by a firm thick shell of infiltrative granulomas.
Diagnosis
In many of the cases reviewed here, the diagnosis was made only at autopsy. In others, a histologic diagnosis was made by biopsy of other involved organs and cardiac involvement was suggested by conduction disturbances, ventricular arrhythmias or congestive heart failure. The diagnosis should certainly be suspected when the described clinical manifestations of cardiac involvement occur in relatively young individuals especially if manifestations of other system involvement are present. A definitive diagnosis of cardiac sarcoidosis can be made antemortem using the technique of endomyocardial biopsy.32
Prognosis
While sudden death may be the initial manifestation of primary sarcoidosis of the heart, symptoms of this involvement may precede death by as long as nine years." Prognosis of cases with clinically apparent primary cardiac sarcoidosis is grave, but improvements have been reported. Moyer and Ackerman" reported a 25-year-old man with complete A-V block and left axis deviation. Six weeks later he had only sinus arrhythmia and nonspecific T wave changes, the latter regressing further after six months. Gold and Cantorl" described a 24-yearold man with ECG changes resembling anteroseptal infarction with resolution of the Q waves and ST-T changes within six weeks while on corticosteroids.
Treatment
Corticosteroid therapy in sarcoid involvement of the heart has been alluded to by previous authors.8*"ere is circumstantial evidence that cortisone therapy influenced the myocardial process underlying the pattern of anteroseptal infarction and left axis deviation in Gold's case. 16 First degree A-V block and left bundle branch block in an eightyear-old child with assumed cardiac sarcoidosis, regressed while on corticosteroids.35 Corticosteroid and isoproterenol administration produced temporary remission of complete A-V block in a 59-yearold Japanese housewife, but this recurred a year later.10 Fukuda"6 attributed the temporary re-establishment of 1:l A-V conduction in a 63-year-old Japanese woman with complete A-V block and recurrent ventricular fibrillation to the administration of corticosteroids.
The mechanism by which corticosteroids might affect the course of this disease process is far from obvious. It would seem, however, that such therapy should be most effective in cases where myocardial
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tissue damage is minimal and recent. Bashour et aI9 point out that corticosteroids were of limited value in their cases 2 and 3, probably because therapy was initiated years after the initial symptoms of the disease. The rather early stage and/or critical location of the inflammatory process may have had some influence in the improvement of the conduction abnormality and suppression of the ventricular tachycardia in the present case 2. It is important to note that the first course of corticosteroids was started within a few weeks after the first detectable symptom.
It is reasonable then to suggest that corticosteroids may be of value in the treatment of cardiac sarcoidosis if given before significant tissue damage occurs. Patients with sarcoidosis who develop donduction disturbance arrhythmias or congestive heart failure, in the absence of other obvious causes, should be suspected of having cardiac involvement and should merit a trial of corticosteroid therapy.
Phinney37 was the first to use artificial pacemakers in his two cases with complete A-V block due to sarcoid. He used external cardiac stimulation in both, with temporary success in one. Johansenzs described a 40-year-old man with complete A-V block who was initially paced externally. Later an internal pacemaker was implanted and this patient was paced successfully for 26 months, but died suddenly. In a review of the long-term cardiac pacing experience in 260 patients, the disturbances of rhythm and/or conduction were attributed to sarcoid in four cases.39 Artificial pacemakers should therefore be considered in the treatment of high degree A-V block in patients with sarcoidosis.
